The effect of alkali activator and fineness of slag on the physical properties of blast furnace slag cement was investigated. Na2SO4 was used as an alkali activator in this study. Blast furnace slag cement was prepared from mixture of blast furnace slag, ordinary Portland cement, and anhydride gypsum. The fluidity and the compressive strength according to each mixture ratio of them were analyzed by using statistical analysis in order to discover the parameters influencing the fluidity and compressive strength. The results showed that the hydration of blast furnace slag took place by addition of Na2SO4, and ettringite with column-crystalline was created as main hydration product of blast furnace slag. And it is found that the compressive strength of blast furnace slag cement tends to increase as ordinary Portland cement content is higher until 3 days. However, it is also known that the compressive strength tends to increase with the increase of higher blast furnace slag content, along with increase in the OPC on 28 days. As a result of this analysis, it is considered that the ordinary Portland cement content influences the initial compressive strength of blast furnace slag cement, and that in later days is greatly influenced by slag content.
Introduction
The primary goal in all new developments in cement and concrete materials is to improve strength and durability. However, the potential to improve ordinary Portland cement using existing methods has been exhausted. Meanwhile, with the increase in energy and environmental problems, there has been a great deal of interest in utilizing industrial waste by-products. Research is currently underway in order to find a way to use waste materials as a substitute for cement. Slag, a byproduct in the production of steel, is often used in construction and civil engineering as an additive to cement, aggregate, roadbed material, and so forth. On of them, blast furnace slag, which is a by-product of the pig iron production process, is used as a new type of binder in concrete. It is called blast furnace slag cement. The merits of blast furnace slag cement include low heat generation during hydration reaction, long-term strength improvement of concrete, chemical endurance and that it is an energy-saving utilization of industrial by-products 1, 2) . However, unfortunately, blast furnace slag cement has a shortcoming for a low early strength compared to ordinary Portland cement owing to slower early hydraulic reactivity. Such demerit can be compensated by promoting an early hydration reaction by the addition of an alkali activator, and adjusting the fineness of blast furnace slag and the mixture ratio using OPC 4, 5) . Usually, when blast furnace slag is put into water, an impermeable layer of alumino-silicate is formed on the surface of the slag particles. Due to the impermeable layer, no hydration reaction can take place. However, in an alkaline solution, OH radicals in the solution destroy the alumino-silicate bonds of the impermeable layer formed on the slag, and dissolution of slag particles occurs; the hydration of slag takes place. Dissolved silicate and aluminum ions react with calcium ions, water molecules and OH radicals in the solu- tion to form the hydrates of C-S-H and C-A-H 6,7) . This study was carried out with the purpose of providing hydraulic reactivity to blast furnace slag by the addition of Na 2 SO 4 activator, and that of a fineness of blast furnace slag. And finally to design low-energy blast furnace slag cement, adjust the mixture ratio in the 3-component system of blast furnace slag, ordinary Portland cement and anhydride gypsum. The fluidity and the compressive strength according to each mixture ratio of them were analyzed by using statistical analysis in order to discover the parameters influencing the fluidity and compressive strength. Through this statistical method, the most suitable mixing ratio of blast furnace slag cement with the 3-component system of blast furnace slag, ordinary Portland cement and anhydride gypsum will be determined.
Experimental procedure
A blast furnace slag (below to referred to "Slag") and anhydrite gypsum (below "AG") used as raw materials are the byproducts that generated from the manufacture of steel making process and phosphoric acid by P company and A company respectively, and ordinary Portland cement (below "OPC") is products from S company in Korea. The blaine index of the raw materials used are 4,200 (Slag), 3,200 (OPC) and 5,000 (AG) cm 2 /g, and the chemical compositions are as shown in Table 1 . A reagent-grade Na2SO4 was used as an alkali activator. In this study, the effect of Na 2 SO 4 on the hydration of slag was investigated through the measurement of hydration rate with conduction calorimeter and the observation of microstructure in the paste after hydration. The measurement of hydration rate carried out at 20°C using an isothermal conduction calorimeter, and the weight ratio of solid to liquid was 1, and the fineness of the slag used for this test was 4,200 cm 2 /kg.
After that, the physical properties of the slag cement such as fluidity and compressive strength blast furnace slag cement containing the 3-components of Slag, OPC and AG were measured. In this study, the factors that influence the fluidity and initial compressive strength of blast furnace slag cement were evaluated through statistical analysis.
The raw materials according to the simplex screening design in a restricted area, which is an experimental mixture design for the 3-component diagram of Slag-OPC-AG, were mixed. For a restricted area 3-component diagram, limited zone to conduct a simplex statistical analysis in triangular coordinates was selected to be a range of 0.70~0.90 for Slag (X1), 0.05~0.25 for OPC (X2) and 0.05~0.25 for AG (X3), as shown in Fig. 1 . Table 2 shows the mixture ratios by experiment design, and we set the alkali stimulant (Na2SO4) at 0.5% of the mixture. The mortar was prepared by mixture designed from the 3-component diagram of Slag-OPC-AG, standard sand and water at a ratio of 1 : 2.45 : 0.485 and molded it into a 5 × 5 × 5 cm cube mold. To test its compressive strength, it was cured in water during several days at room temperature before removing the molds, and then measured the compressive strengths of the specimens. The fluidity of mortars was measured according to the method presented in Korea Standard for the testing method of slump; KS F 2402. And the measurement of compressive strength of mortars had been carried out according to the method presented in Korea Standard for the testing method of compressive strength of hydraulic cement mortar; a used compression testing machine made by Heung jin Co., model HCT-DS200. Figure 2 shows the hydraulic reactivity of blast furnace slag with Na2SO4 by conduction calorimeter. Na2SO4 greatly promoted the hydraulic reactivity, and brings about low heat generation during the initial stage which is within 3 hours since beginning reaction. It is believed that because Na2SO4 is also widely used as endothermic agent, it has absorbed latent heat generated from the hydration reaction of Slag. Figure 3 shows SEM photo of paste microstructures of Slag mixed with 5 wt.% of Na 2 SO 4 for 10 hours of hydration. In the paste of Slag containing Na2SO4, it was observed that a substantial amount of hydration product, column-crystalline hydrate, has been formed. Such a result coincides with the results of promoting early hydraulic reactivity in Slag measured with a calorimeter. From the results of XRD analysis, it has been determined that the column-crystalline hydration product is ettringite. Table 3 shows the fluidity and compressive strength of the mortar created from the 3-component diagram mixture of Slag-OPC-AG in Table 2 . As for the physical property values, the analysis of variance and the coefficient of determination by a statistical method was obtained, and the results are shown in Table 4 . In the F test of the variance analysis table, all the characteristic values showed high degree of significance at 99% or greater. The value of the coefficient of determination (R 2 ) was 0.970 or greater, which shows that the relations between the secondary regression model factors (X1, X2, X3) and the characteristic values (Y) of the mixture are adequate. Figure 4 shows the distribution of the fluidity values by level. The fluidity showed a tendency to 環境資源工学 increase as it goes from test sample 10, which is at the center of the 3-component diagram, to test samples 1, 2 and 3, which are at the extreme vertices. The flow tends to increase with moving each vertex point of sample 1, 2 and 3. This mean that the higher the ratio of the content of slag, OPC, or AG in the mixture, the higher the flow value. Among others, the distribution of flow is higher with increase in the AG content corresponding to sample 3. On the other hand, when OPC content increases, the distribution of flow tends to have a lower value compared to the other contents. The mixture that achieved the maximum flow value was 70 wt% of Slag, 5 wt% of OPC and 25 wt% of AG. The mixture that achieved the minimum flow value was the central point of 3-component diagram. Figure 5 shows the distribution of compressive strength that resulted from curing periods of 3, 7 and 28 days. The distribution of compressive strength from 3 days curing period shows a tendency to increase as the content of OPC increases. The compressive strength expression characteristics showed in the range of 92~272 kgf/cm 2 for 3 days, 131~423 kgf/cm 2 for 7 days and 163~514 kgf/cm 2 for 28 days. Thus, the difference in compressive strength increases according to the component ratio of the mixture of the 3-component diagram of Slag-OPC-AG. At 7 days and 28 days, the value of compressive strength showed a tendency to increase as the content of OPC increases. Also, as the curing period becomes longer, the compressive strength distribution value tended to increase as the content of slag increases. In Fig. 5 , the component ratio that has a strength the same or greater when compared to OPC alone is 70~77% of Slag, 15~25% of OPC and 5~8% of AG. As the result of this analysis, it is known that the OPC in the mixture affects the early strength, and that as the curing period increases the late strength is affected greatly by Slag. Figure 6 shows the effect of activator content and the fineness of slag change on the initial strength of mortar respectively. Up to Day 1, it appears that initial strength is influenced by the fineness of slag rather than the activator content. But on 3 days, activator content, as well as the fineness of slag, plays an important role in increasing the compressive strength of slag mortar. Therefore, it was determined that the fineness of slag rather than the activator content acts as a very important factor in the improvement of initial strength of slag cement.
Results and discussion

Conclusion
As a result of analyzing the physical properties of mortar by a statistical method according to the mixture design of experiment of a 3-component diagram of Slag-OPC-AG with Slag as the main constituent, we obtained the following conclusions: 1. Na2SO4 was used as activators in our research, and has turned out to be very efficacious for promoting hydraulic reactivity of blast furnace slag. 2. Ettringite had been formed as main hydration products of blast furnace slag containing Na2SO4. 3. The fluidity of blast furnace slag cement is higher with increase in the blast furnace slag content. On the other hand, when ordinary Portland cement content increases, the distribution of fluidity tends to have a lower value compared to the other contents. 4. However, when considering the initial improvement of compressive strength of blast furnace slag cement, the fineness of blast furnace slag and the content of OPC are more important factor than alkali activator content.
